A bovine rotavirus, NGRBg8, isolated from the feces of a calf with diarrhea in Nigeria was characterized by reverse transcription-PCR, nucleotide sequence analysis, and Northern blot hybridization. The nucleotide sequence of the VP7 gene of the strain was most closely related to that of a Nigerian human G8-serotype strain, HMG035 (99.9%). The NSP1 gene of strain NGRBg8 is highly related (99.4%) to that of a Thai G8 bovine strain, A5-10. Northern blot hybridization revealed a high overall genomic relatedness of bovine strain NGRBg8 with human strain HMG035; all 11 RNA segments hybridized to each other. Thus, the results show the close relationship between G8 bovine and human rotaviruses in Nigeria.
Rotaviruses are the most common cause of acute gastroenteritis in the young of a number of mammalian and avian species worldwide (17) . Rotaviruses with genomes made up of 11 segments of double-stranded RNA (dsRNA) have two neutralization proteins, VP4 and VP7, on their outer capsids. These two proteins define the P and G types, respectively. Rotaviruses have been classified into 15 G and 22 P types so far (10) .
Bovine rotaviruses are a major cause of enteric disease in calves of 1 to 3 weeks of age (18) . Field surveys have demonstrated that G6 and G10 are the most prevalent serotypes among calf strains worldwide, whereas G8 is the least common serotype (7, 11, 27, 28, 32, 33) . G8 strains have also been isolated from pigs (13) and a horse (15) .
In humans, a G8 rotavirus (strain 69 M) was first isolated from a child with acute gastroenteritis in Indonesia (19) , and its RNA electropherotype was characterized by a unique, supershort pattern. Subsequently, G8 strains with a long RNA electropherotype were detected among Finnish and Italian children (12) as well as children in Australia, South Africa, and the United Kingdom (22, 29) .
The presence of rotaviruses in domestic livestock is an epidemiological problem whose significance is becoming increasingly evident with the detection in human subjects of viruses of animal origin (20) . Recently, G8 viruses with unusual serotypic properties were identified in Africa (1, 4, 5, 8, 9) . The relationship between the G serotype and P serotype (VP4 genotype) in representative human and animal rotavirus strains shows that reassortment of rotavirus genome segments has occurred as a result of intraspecies and interspecies mixed infections (31) . It might be possible that there has been crossspecies transmission of rotaviruses also in Nigeria.
Rotaviruses are active everywhere, and hence more data on the G and P types circulating in particular parts of the world will be valuable for those searching for essential constituents of a vaccine. In this study, we isolated a Nigerian bovine rotavirus strain, NGRBg8. The isolate was characterized by examining its genomic relatedness to other bovine and human rotavirus strains by reverse transcription-PCR (RT-PCR), nucleotide sequencing, and Northern blot hybridization.
One hundred eight fecal specimens from calves under 1 year of age with diarrhea were collected at various farms located in Borno (Maiduguri, Benisheik, Ngala, and Ngamdu), Yobe (Potiskum and Damaturu), and Gombe (Gombe and Ashaka) states in Nigeria between November and December 1998. Three rotavirus-positive specimens were stored at Ϫ20°C until being transported on ice to Japan, where they were analyzed.
Virus isolation with MA-104 cells in roller tube cultures was attempted from the three stool specimens for cell culture as previously described (35) . One stool specimen (NGRBg8) from a 4-week-old male calf was successfully adapted to growth in MA-104 cells in roller tube cultures.
The following rotavirus strains with different G and P types were used as reference strains: KU (G1P [8] ), S2 (G2P [4] ), AU-1 (G3P [9] ), SA11 (G3P [2] ), B223 (G10P [11] ), UK (G6P [5] ), 61A (G10P [5] ), NCDV (G6P [1] ), A5-10 and A5-16 (G8P [1] ), 69 M (G8P [10] , and HMG035 (G8P [1] ).
Viral RNA was extracted from a fecal suspension or culture fluid with a 1/5 volume of 6ϫ disruption solution comprising 6% sodium dodecyl sulfate, 0.6% 2-mercaptoethanol, and 300 mM EDTA and then with phenol-chloroform. The RNA was electrophoresed in 10% acrylamide gels (2 mm thick) for 16 h at 20 mA at room temperature. RNA segments were visualized by silver staining.
Rotavirus dsRNA was extracted by the guanidine-silica method with an RNaid kit (Bio 101, Inc., La Jolla, Calif.), and the extract was used as a template for RT-PCR.
For G and P typing of the strain, the method of Ishizaki et al. (16) was used with some modifications. Briefly, a full-length VP7 gene (1,062 bp) was amplified with a pair of primers, T31 and T32, corresponding to the common 5Ј and 3Ј ends of the gene, respectively. The second and multiplex seminested PCR comprised a mixture of G6-, G8-, and G10-specific primers and a common primer, T32, as previously described (34) . For VP4 typing, a pair of primers, PC1 and PC2, were used to amplify partial-length copies (1,085 bp) of the rotavirus VP4 gene. For the second and multiplex seminested PCR, a mixture of P[1]-, P [5] -, and P [11] -specific primers and a conserved primer, PC1, was used to identify P types (16) . The NSP1 gene was amplified using the T182 and T183 primers, which have common 3Ј-and 5Ј-end sequences, respectively, as described previously (30) . PCR products were electrophoresed in 1% agarose gels, stained with ethidium bromide, and then visualized with a UV transilluminator.
The nucleotide sequence was determined with an automated sequencer (ABI PRISM 310 Genetic Analyzer) and a PRISM Ready Reaction dye terminator cycle sequencing kit (ABI Inc., Foster City, Calif.). Sequence data were analyzed with the Genetyx-Mac software package for sequence alignment and for the construction of a phylogenetic tree by the unweighted pair group method with arithmetic means.
Northern blot hybridization was carried out as previously described (24) . Briefly, following polyacrylamide gel electrophoresis (PAGE) analysis, dsRNA was denatured by soaking the gel in 0.1 N NaOH and 0.25 M NaCl for 20 min and then neutralized in 4ϫ Tris-acetate-EDTA for 20 min twice and in 1ϫ Tris-acetate-EDTA for 20 min. Electrotransfer of rotavirus RNA to Hybond N ϩ (Amersham) was conducted at 0.2 A overnight at 4°C. Hybridization was performed with an enhanced chemiluminescence direct nucleic acid labeling and detection system (Amersham) according to the instructions of the manufacturer. Stringency was regulated by changing the concentration of the SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate) solution in primary and secondary wash buffers.
RT-PCR for G and P typing of a field fecal sample, NGRBg8, showed it to have G8P [1] type specificity (data not shown). Strain NGRBg8 was adapted to growth in MA-104 cell culture by inoculating fecal specimen NGRBg8. RNA extracted from the culture fluid of strain NGRBg8 was also analyzed for G and P type specificities. The results confirmed that the strain was of the G8P [1] type. The RNA profile of strain NGRBg8 on PAGE is shown in Fig. 1 , together with those of Nigerian human G8 HMG035 and representative bovine rotaviruses. The RNA pattern of bovine G8 strain NGRBg8 was very similar to that of human G8 strain HMG035 detected in a previous study (1) , except that the mobility of gene 5 of strain HMG035 was very high and was almost the same as that of gene 6.
The complete nucleotide sequence of the VP7 gene of Nigerian bovine G8 strain NGRBg8 was determined using the RT-PCR product. The primary structure of the VP7 gene of this strain is similar to those of other strains representing G1 to G15 from animal and human species. It was observed that the VP7 gene of the Nigerian bovine G8 strain was most closely related (99.9% at the nucleotide level) to that of a Nigerian G8 human strain, HMG035. It also exhibited close relatedness to African G8 human strains from Malawi, South Africa, and Egypt (89.3 to 96.0% at the nucleotide level). In contrast, the VP7 gene of NGRBg8 showed low identities (from 64.4% for G7 strain Ty-1 to 77.0% for G11 strain YM) to non-G8 rotaviruses. On the phylogenetic tree, Nigerian strain NGRBg8 forms a separate cluster with an African human G8 strain (Fig.  2) , showing geographical segregation.
Since migration in PAGE of gene 5 (NSP1 gene) of HMG035 was unusually fast, we analyzed the NSP1 gene of the two strains NGRBg8 and HMG035 by sequence determination. The NSP1 gene of strain NGRBg8 is 1,590 nucleotides in length and is very similar (99.4% identity at the nucleotide level) to that of a Thai bovine strain, A5-10, which is 1,587 nucleotides long. As found for the A5-10 NSP1 gene, the NSP1 gene of NGRBg8 codes for only 40 amino acids since a nonsense codon is present at nucleotides 153 to 155. In contrast, the HMG035 NSP1 gene was found to have a long deletion of nucleotides (222 nucleotides) compared to the NGRBg8 NSP1 gene (Fig. 3) and codes for 418 amino acids, although other NSP1 genes code for 486 to 571 amino acids. On comparison of the NSP1 gene of HMG035 with other representative published NSP1 sequences of rotavirus strains of different species and G/P types, the former exhibited only low identities, from 48.3% (strain EW) to 77.7% (strain HMG035) at the nucleotide level (data not shown) in the calculation including the deletion sequence. On Northern blot analysis, the NGRBg8 probe reacted with eight or nine RNA segments of reference bovine strains. Interestingly, the probe of Nigerian bovine strain NGRBg8 hybridized to all the RNA segments of a Nigerian human strain, HMG035, isolated from a diarrheic child (Fig. 4) . In the reciprocal hybridization assay involving the HMG035 probe, this relationship was confirmed: the probe reacted with eight or nine segments of representative bovine rotaviruses and with all the segments of bovine NGRBg8 (Fig. 4) . In contrast, a human rotavirus KU probe did not react with any of the RNA segments from the Nigerian human and bovine strains (data not shown). Thus, the two Nigerian rotaviruses isolated from a cow and a human were found to be highly related.
For group A rotaviruses, great genome diversity has been described. The diversity results from the accumulated effects of three distinct mechanisms: point mutation, reassortment, and rearrangement (31) . Group A rotaviruses are classified into G and P types according to the specificities of two neutralization antigens, VP4 and VP7. Among the 15 G types and 22 P types, G1P [8] is the most prevalent worldwide. Recently, however, rotavirus strains with unusual G or P type specificity or ones (1, 4, 8, 9, 12, 14, 22, 23, 25, 26, 29) . G8 strains have also been found in calves in many countries of the world such as Scotland, Thailand, and Japan (28, 31, 32) . The detection of a bovine G8 strain in Nigeria in this study extends the global distribution of bovine rotavirus G8 strains. As judged on phylogenetic analysis, the G8 strains in Africa (Malawi, South Africa, Egypt, and Nigeria) are similar to one another and form a distinct cluster, showing geographical segregation. Ohshima et al. (21) and Browning et al. (6) suggested that G8 strains are reassortant viruses between human and bovine rotaviruses. In RNA-RNA hybridization assays, human strains 69 M and HAL1166 of the G8 type exhibited overall genomic relatedness with a bovine genogroup and the human DS-1 genogroup (21). Between Nigerian bovine strain NGRBg8 and representative bovine rotavirus strains, eight or nine RNA segments hybridized well, but the origin of the remaining two or three segments was not clear. Furthermore, the strains NGRBg8 and HMG035 are highly related: all 11 RNA segments hybridized to each other. However, the NSP1 gene of HMG035 has a long deletion (222 bases) and the sequence of the NSP1 gene of strain NGRBg8 showed 90.3% identity to that of strain HMG035 even when calculated excluding the deletion sequence. These results substantiate the potential for human or bovine rotaviruses in Nigeria to have been made through reassortment after transmission between humans and cows, but this does not appear to be a direct event. Reassortant viruses have been much more frequently detected in developing countries than in developed ones. The incidence of mixed infections is high in developing countries. In Bangladesh, after a devastating flood, mixed infection cases drastically increased. More intimate contact of humans with livestock is conceivable in developing countries. Such an environmental situation may facilitate mixed infection, leading to the occurrence of reassortant viruses.
Two G8 strains detected in Nigeria (bovine NGRBg8 and human HMG035) have almost the same RNA electropherotype except for gene 5. The VP7 genes of these two Nigerian G8 rotavirus strains exhibit the closest identity at both the nucleotide and amino acid levels, in contrast to that exhibited by two South African G8 rotavirus strains (29) . Furthermore, in Northern blot analysis, it was surprising that all the segments from bovine NGRBg8 hybridized with those of human HMG035, suggesting the cross-species transmission. The places where the two strains were obtained are geographically close. In the present study area, northeast Nigeria, there is close contact between herdsmen and their livestock, including the sharing of common sources of drinking water. It will be of value to search for more rotavirus strains that might have resulted from cross-species transmission and/or reassortment in this area.
The NSP1 gene of NGRBg8 showed high identity to that of a Thai G8 bovine strain, A5-10. It is also related to that of a Nigerian human strain, HMG035, which is unique; the NSP1 gene has a long deletion of 222 nucleotides and the NSP1 amino acid sequence exhibits low identity to those of representative rotaviruses. Although the identity at nucleotide level between the two Nigerian strains, NGRBg8 and HMG035, was relatively low (77.7%), the identity excluding the deletion region was 90.2%. It is, therefore, reasonable that the NSP1 genes of the two strains hybridized in Northern blot analysis, since the stringency in the present assays appears to allow the hybridization of segments exhibiting more than 85% homology. It is interesting that the NSP1 gene of strain NGRBg8 has a nonsense codon at nucleotides 153 to 155 and codes for only 40 amino acids, as found for the A5-10 clone isolated in Thailand (30) . NSP1 carries a zinc finger motif and RNA binding capacity for the assembly process and is associated with the cytoskeleton. Furthermore, the protein is recognized to be related to species specificity. However, it is unknown whether the large deletion of NSP1 has an advantage for the possible interspecies transmission of the strain. Characterization of the NSP1 synthesis in vitro and in vivo of strains NGRBg8 and HMG035 having unusual NSP1 genes would be useful for analyzing the function of NSP1 in rotavirus infection. It is also of interest that G8 strains 69 M, B37, HMG035, NGRBg8, and A5-16 all have rearranged RNA segments. There is a possibility that unusual strains (reassortment strains) tend to undergo rearrangement for some unknown reason.
The epidemiological data on rotavirus infections in Africa are not yet sufficient (1-5, 8, 9, 14, 29) , although recent studies have revealed the high prevalence of strains with an unusual G serotype: G8 was detected in 27.7% of samples in our previous study (1) . The protective efficacy of rotavirus vaccine was not satisfactory in vaccine trials in this area. The different prevalence of G and/or P types might be one reason for this finding. The inclusion of G8 and other serotypes for future vaccines should be considered. It would be valuable to obtain more epidemiological data including serotype distribution through long-term and large-scale surveys.
Nucleotide sequence accession numbers. The nucleotide sequence data reported in this paper have been deposited in the DDBJ and EMBL/GenBank data libraries under accession numbers AF361439 (NGRBg8 VP7 gene), AB096861 (NGRBg8 NSP1 gene), and AB096862 (HMG035 NSP1 gene).
